A new technology to obtain a fine-structured and high-toughness HAZ of HSLA steel for high heat input welding is developed using metallurgical thermodynamics, physical chemistry of metallurgy and material processing methods synthetically in this study. The effect of calcium and magnesium addition on the rolled microstructure grain size of HSLA steel was analysed. The results show that adding Ca and Mg elements into the rolled steel can accelerate the nucleation and refrain the grain growth, so the grains are refined. Almost every rolled experimental steel grain becomes finer after adding Ca and Mg elements. The range of the mean grain size is from 0.518 mm to 0.879 mm. When adding 5wt% Mg, the mean grain size is the smallest, 0.518 mm, while the biggest grain size is 1.011mm in rolled raw steel. The grain size in Mg 5wt% steel is refined by 48% in contrast with the rolled raw steel. Almost every rolled experimental steel grain becomes finer contrast with cast experimental steel.
Introduction
The rapid development of the large steel structure brings a great opportunity for steelmaking industry. The steel plate not only has the strength and toughness but also can withstand the high energy input welding [1] . Therefore, a new technology to obtain a fine-structured and high-toughness HAZ is developed for the purpose of realizing excellent toughness in a HAZ of HSLA steel for high heat input welding using metallurgical thermodynamics, physical chemistry of metallurgy and material processing methods synthetically in this study. However, as the design requirements improve and the manufacturing technology of the steel structure advances, the requirements for the performance of steel plate which is used to fabricate the steel structure also improve continuously [2] . Using the calcium oxide of high melting-point and high stability to pin the grain boundaries is an effective method to improve the welding performance of the structure steel. Calcium and Magnesium inclusions have high temperature stability, high melting point, ultra-fine, evenly distributed and controllable composition [3] [4] . If this method combines with TMCP (Thermo Mechanical Control Process), we can get the high heat input welding ________________________ high-strength low alloy (HSLA) steel, which has good toughness and weldability. 1 The experiment takes a kind of HSLA steel as the research object and analyses the effect of calcium and magnesium addition on the rolled microstructure grain size. In the process of improving temperature, the oxides of Ca and Mg elements located in the interior of austenite can accelerate the nucleation and impede the grain growth. The study can provide a reliable theoretical basis and technical support for the development and application of high heat input welding HSLA steel. The research results can transform into productivity and create a new growth point for the national economy.
Experiments
Experimental Materials. A kind of HSLA steel is designed in this experiment. The components of the steel are obtained by smelting pure iron and adding the corresponding alloy. The components of pure iron and main alloy are shown in Table 1 . Process of Rolling and Cooling. The experiment of rolling and cooling used the Φ450 hot rolling machine group and controlling cooling system. The start rolling temperature was 1200°C. The fourth pass rolling temperature was controlled at about 950°C ~Ar3, and the final rolling temperature was controlled at 950 ~ 700°C. After rolling, the temperature was reduced to 380°C by water cooling, then air cooling [5] .
Effect of Calcium and Magnesium Addition on the Rolled Microstructure Grain Size of the HSLA Steel
The observation by metalloscope is taken in this experiment. The special steps are as follows: Firstly, the specimen is laid under the metalloscope and is enlarged to 100 times. Secondly, each specimen is observed in several fields, then we select three grains each field according to the actual situation, measure the grain size respectively and calculate the mean value of the three grain sizes. Meanwhile, we must convert the size in the figure to the actual size in proportion and unit is converted from micron to mm. Then we measure the size of the grains in the figure and convert into the specific size of the grains. As to the other fields, the steps are the same. So the values finally got are the mean size of the grains in several fields. The way used to measure the mean grain size of the other specimens is same as above.
The results of the average grain size of rolled and cast experimental steel are shown in Table 2 . The average grain size comparison chart of rolled and cast experimental steel is as follows (shown in Fig. 1 ). Results Analysis. The grain size of austenite is the important factor to affect the grain size of ferrite, when the transformation takes place between austenite and ferrite. The thick austenite grains have the heredity, that is to say, the thick austenite grains lead to the thick ferrite grains after the phase transformation. So we call it "structural heredity phenomenon [7] ". Owing to the different amounts of the adding Ca and Mg elements, the microstructures change in the experimental steel.
A large amount of oxides generated from the adding Ca and Mg elements into the rolled steel can accelerate the nucleation and refrain the grain growth, so the grains are refined. From the results, we can see that almost every grain becomes finer after adding Ca and Mg elements. According to the adding amounts of Ca and Mg elements in rolled experimental steel, the range of the mean grain size is from 0.518 mm to 0.879 mm. When adding 5wt% Mg, the mean grain size is the smallest, 0.518 mm, while the biggest grain size is 1.011mm in rolled raw steel. The grain size in Mg 5wt% steel is refined by 48% in contrast with the rolled raw steel. Almost every rolled experimental steel grain becomes finer contrast with cast experimental steel. When adding 5wt% Mg, the rolled experimental steel grain size is the smallest, 0.518 mm, while the smallest grain size is 0.712mm in Mg 5wt% cast steel. The grain size in Mg 5wt% rolled experimental steel is refined by 27% in contrast with the Mg 5wt% cast experimental steel.
Conclusions
A kind of HSLA steel containing Ca and Mg were prepared by means of the vacuum induction melting experiments and controlled rolling and controlled cooling experiments, and the effect of calcium and magnesium addition on the rolled microstructure grain size of the HSLA steel was analysed. Calcium and Magnesium elements were added into molten steel in the form of Si-Ca alloy and Mg-Zr alloy using the special process in the experiment. The grain size of the rolled microstructure in each sample was measured by the metalloscope observation method.
(1) In the process of improving temperature, the oxides of Ca and Mg elements located in the interior of austenite can accelerate the nucleation and impede the grain growth. A large amount of oxides generated from the adding Ca and Mg elements into the rolled steel can accelerate the nucleation and refrain the grain growth, so the grains are refined.
(2) Almost every grain becomes finer after adding Ca and Mg elements. According to the adding amounts of Ca and Mg elements in rolled experimental steel, the range of the mean grain size is from 0.518 mm to 0.879 mm. When adding 5wt% Mg, the mean grain size is the smallest, 0.518 mm, while the biggest grain size is 1.011mm in rolled raw steel. The grain size in Mg 5wt% steel is refined by 48% in contrast with the rolled raw steel.
(3) Almost every rolled experimental steel grain becomes finer contrast with cast experimental steel. When adding 5wt% Mg, the rolled experimental steel grain size is the smallest, 0.518 mm, while the smallest grain size is 0.712mm in Mg 5wt% cast steel. The grain size in Mg 5wt% rolled experimental steel is refined by 27% in contrast with the Mg 5wt% cast experimental steel.
